for follow up and non-follow up specimens from pulmonary sites. Specificity was 99.7%. Inhibitors were present more frequently in extrapulmonary than in pulmonary specimens (13.4% v 2.7%). Conclusion-Despite the high sensitivity ofthe PCR assay for the diagnosis oftuberculosis in pulmonary specimens, it was less effective in the extrapulmonary samples. This is probably because of the lower bacterial load in extrapulmonary specimens, the presence of more inhibitors adversely affecting the PCR assay and the higher volume of specimens used for culture. Control of tuberculosis depends on the speedy identification of an index case, followed by appropriate treatment with or without isolation ofthe patient to prevent secondary transmission to susceptible contacts. Most microbiology laboratories detect Mycobacterium tuberculosis in patients with a high bacterial load by using the rapid Ziehl-Neelsen smear test and the slow culture method on Lowenstein-Jensen medium. The radiometric culture method (BACTEC), which is comparable with guinea pig inoculation in sensitivity, is not widely used because it is expensive, hazardous and still takes 14 days to generate smear negative specimens.' In those cases with a low bacterial load, involving either pulmonary or extrapulmonary anatomical sites, detection of antigen by enzyme linked immunosorbent assay (ELISA)2 or of tuberculostearic acid by gas liquid chromatography/mass spectrometry3 are either insensitive or non-specific. Host response as a marker for tuberculosis has been exploited in the form of the Mantoux test,4 antibody detection by ELISA5 and the immunospot assay. 6 However, these latter assays are invariably confounded by previous BCG vaccination, exposure to environmental mycobacteria and conditions which result in suppression of the immune system. The polymerase chain reaction (PCR) has been hailed by many authors as the most important recent advance that would ensure a rapid, sensitive, specific, simple and relatively inexpensive diagnosis of both multi-and paucobacillary tuberculosis.7-9 In a previous short follow up study,'0 a single-step PCR assay performed well in respiratory specimens taken before and after treatment. In the present study, the performance of a single-tube nested PCR assay was thoroughly assessed in clinical specimens from pulmonary and extrapulmonary sites. 
Methods

Extrapulmonary specimens
The sediment was resuspended in an equal volume of proteinase K buffer (500 ,tg/ml proteinase K, 0-4 M Tris, pH 8-0, 0-1% NP-40, 0-1% Tween 20) and incubated at 56°C for two hours. The reaction was stopped and bacterial lysis was achieved by boiling for 30 minutes. Inhibitors were removed as above by treatment with Instagene. Again, only 40 gl ofthe mixture was added to 160 ,ul Instagene and 50 ,ul of the supernatant was used for PCR.
PRIMERS AND PROBES USED FOR NESTED PCR AND SOUTHERN BLOT HYBRIDISATION
Two sets ofprimers and probes derived from the M tuberculosis genome, encoding the insertion sequence IS6 110 and the 38 kilodalton protein, were used.'213 The IS6110 PCR assay utilised the following sequences: external primers, position 367 to 392: 5'-CCGGCCAGCAC GCTAATAACGGTTC-3' and position 746 to 769: 5'-TGTGGCCGGATCAGCGATCG TGGT-3'); internal primers, position 455 to 472: 5'-CTGCACACTGACCGA-3' and position 670 to 652: 5'-CGTTCGACGGTGC-ATCTG-3'; probe, position 537 to 566: 5'-GAGCTGCGATGGCGAACTCAAGGAG-CAC-3'. These sets of primers and the probe were used initially to screen all specimens. If the specimen was negative with the IS6110 assay, it was retested in the 38 kilodalton assay because all of the M tuberculosis isolates contained the 38 kilodalton sequence whereas 0-9% of the strains, especially those from Vietnamese patients, '4 lacked IS6 110. A concurrent assay was also carried with the IS6110 primers after spiking with 2 pg M tuberculosis DNA extract to detect inhibitors. The 38 kilodalton protein PCR assay utilised following sequences: external primers, position 232 to 252: 5'-ACCACCGAGCGGTTCGCCTGA-3' and position 648 to 628: 5'GATCTGC-GGGTCGTCCCAGGT-3'); internal primers, position 303 to 317: 5'-TGACGT-TGGCG-GAGA-3' and position 539 to 524: 5'-TG-AGCGGAGATGGCTA-3'; probe, position 339 to 368: 5'-CGCTGTTCAACCTGTGG-GGTCCGGCCTTTC-3'). PCR 
CONDITIONS
The total reaction volume was 100 pl and contained the following: 10 The proportion of specimens positive for both direct smear and culture was 69% for follow up specimens but only 45% for the non-follow up specimens. As for culture negative specimens, only the follow up group exhibited the culture negative/PCR positive phenomenon (10%), which could be attributed to the effect of drug treatment and were not false positive results. There were five false positive PCR results among the extrapulmonary specimens; the clinical picture and radiological/laboratory findings of these five patients were not compatible with tuberculosis. Four ofthese samples were CSF specimens and one was a pleural effusion. Retesting of the remaining DNA extracts still yielded positive results, but repeated specimens from the same patients were negative. All of these specimens had been processed for routine bacteriology before being analysed by PCR.
Discussion
The usefulness of the PCR assay for the detection of paucobacillary tuberculosis has been hailed by many authors as the most important breakthrough in the field of diagnostic mycobacteriology. However, like many new diagnostic procedures, initial optimism was soon shattered by skepticism and gradually replaced by pragmatism.'6 The present study was designed to determine the usefulness of this technique in a large-scale and comprehensive manner. The method under study was a singletube nested PCR which harnessed the different melting temperatures of the external (88°C) and internal (70°C) primers to increase the specificity and sensitivity of the assay without increasing the risk of contamination during reamplification. Besides the usual precautions against contamination by carry over of amplicons, the coupled use of dUTP and uracil-N-glycosylase was included and the annealing temperature was set at or above 55°C to prevent nicking of amplicons by residual uracil-N-glycosylase activity during the annealing step.15
Despite stringent adherence to all of these precautions, including spatial separation of the different steps of DNA extraction, PCR and amplicon detection, and the use of ultraviolet light to destroy contaminating amplicons and uracil-N-glycosylase, five false positive results were obtained for extrapulmonary specimens. We believed that the manipulation of these CSF and pleural fluid specimens with re-used pipettes in the routine bacteriology laboratory might have introduced mycobacterial DNA. This was because these five specimens were not originally sent with a request for PCR but for routine bacteriology culture or cryptococcal antigen detection.
The sensitivity of the PCR assay varied greatly between the pulmonary (89%) and extrapulmonary specimens (42%), with culture as the gold standard. This disappointing finding was related to the available amount of M tuberculosis in the clinical specimen, the amount of accompanying inhibitors, the relative volumes of sediment used for PCR and culture, after the decontamination procedure and the inclusion of dUTP and uracil-N-glycosylase in the PCR reaction. '7 Up to 67% of the culture positive sputum specimens, but only 15% ofthe culture positive extrapulmonary specimens, were smear positive (table 2) . This is because up to 109 bacteria can be present in cavitating pulmonary lesions. The bacterial load in the subarachnoid space, and pleural, peritoneal and joint cavities is much lower. Moreover, inhibitors are found more frequently in extrapulmonary (13-4%) than in pulmonary specimens (2 7%),18 which is surprising given that CSF and pleural effusion samples have often been regarded as homogeneous and easy to handle. During the process of digestion and decontamination, NaOH lysed most eukaryotic cells and probably denatured many inhibitory proteins such as haemoglobin. On neutralisation, the buffer also dilutes out any residual inhibitory substances. This process could not be used in the extrapulmonary specimens as it would lead to further loss of the scanty amount of M tuberculosis DNA.
The use of culture as the gold standard in the study for PCR evaluation had a number of implications. The number of viable M tuberculosis present in the inoculum was the most important factor affecting culture, while both viable and non-viable bacteria were equally important as the determinants of sensitivity of the PCR assay, although apparently reducing specificity. As shown in table 1, in pulmonary specimens up to 90% of bacteria were rendered non-viable by the decontamination procedures. Thus, the sensitivity of PCR was comparable with culture although only 12-5 pd and 100 id, respectively, of the sediment were used for PCR and culture. This was not the case in extrapulmonary specimens, which did not undergo decontamination and of which the volume of sediment that could be used for culture often noticeably higher than that used for PCR, greatly enhancing the apparent sensitivity of culture compared with PCR in these specimens. It is not possible to increase the volume of sediment used for PCR further because the problem of inhibitors would then be insurmountable. Moreover, the sensitivity of culture was further augmented by an enrichment broth culture in extrapulmonary specimens because there was little risk of contamination by other bacteria. Apart from the above reasons, Pang et al 7 reported that the use of dUTP and uracil-N-glycosylase may result in loss of assay sensitivity by a factor of 10. This might counteract the nested PCR effect and explain one of the causes of diminished sensitivity in paucobacillary extrapulmonary samples. However, the low frequency of false positives justified its inclusion.
PCR was more sensitive in samples from patients with known tuberculosis admitted to a chest hospital for treatment than in undiagnosed patients first seen at a general hospital. As expected, the smear positive rate was higher amongst the culture positive specimens in the former group ofpatients (69 v 45%). The phenomenon of culture negative/PCR positive specimens has been reported previously.7"0 After many reports of the excellent performance of the PCR assay in the diagnosis of pulmonary tuberculosis, similar good results were expected in the diagnosis of extrapulmonary tuberculosis. These expectations were not met in this study because of many different confounding factors. Further studies must be conducted to improve these deficiencies. A higher volume of starting material must be used in view of the paucobacillary nature ofextrapulmonary tuberculosis. A better extraction procedure which could capture all the M tuberculosis DNA, but not inhibitors, must be developed-for example, the immunomagnetic separation technique. ' 
